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Abstract 
A two-year study was carried out on established trees at two sites in southeastern 
Queensland, Australia to identify environmental factors that influenced rooting of 
Backhousia citriodora from cuttings. Complex interactions of rainfall events above 20 
mm from the preceding month and mean maximum temperature on stock plants 
resulted in a correlation with rooting success of r=0.81 and r=0.74 for sites at The 
University Of Queensland Gatton campus and Cedar Glen respectively. A more 
detailed investigation under controlled environmental conditions showed that 
maintaining stock plants at temperatures between 10 ˚C and 30 ˚C had no direct effect 
on rooting capacity. However, temperature was correlated with growth, which may 
have an indirect effect on root formation. In spring floral initiation was found to only 
delay rooting and had no effect on the final rooting percentage. 
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A series of seasonal experiments demonstrated that application of the auxins indole-3-
acetic acid, indole-3-butyric acid and napthaleneacetic acid over a range of 
concentrations (1000 - 8000 µg/ml) did not significantly increase rooting compared to 
the control and there is no practical advantage in applying auxins. Seasonal results 
and the temperature experiment also suggest that under a glasshouse environment 
with higher temperatures in winter and an adequate supply of water, B. citriodora 
cuttings can be successfully rooted over the whole year. 
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Introduction 
In many temperate and sub-tropical regions, material for cuttings is normally sourced 
from established stock plants exposed to seasonal changes. The ability of many 
Australian woody species to form adventitious roots from cuttings is related to the 
growing conditions of the stock plant. Seasonal changes in temperature, rainfall and 
photoperiod influence growth, flowering and the ability of stock plants to provide 
cutting material that forms adventitious roots (Moe and Anderson, 1988, Day and 
Loveys, 1998). 
 
Rooting success of cuttings has often been correlated with the temperature of the 
stock plant environment prior to taking cuttings (Anand and Heberlein, 1975, 
Dykeman, 1976, Worrall, 1976, Hansen, 1990). Although optimum rooting has been 
associated with specific temperatures (Hansen, 1990), change in temperature may also 
have an effect (Moe, 1990). However, increased rooting may not be the result of high 
temperature per se. Higher seasonal temperatures often coincide with increased bud 
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activity, flowering and higher growth rates (Fadl and Hartmann, 1967, Dykeman, 
1976, Hansen and Kristensen, 1990, Day and Loveys, 1998, Kibbler et al., 2002a), all 
factors that have been associated with rooting. 
 
Changes in stock plant growth activity have been correlated with seasonal variation in 
rooting success (Howard, 1996). In difficult-to-root Syringa vulgaris and Continus 
coggygria, rooting was confined to periods of active shoot growth. In contrast, the 
easy-to-root, Forsythia x intermidia rooted well during the summer regardless of the 
shoot growth rate. 
 
The effect of flowering on rooting differs between species. McComb and Wroth 
(1986) reported that cuttings of the summer flowering Eucalyptus resinifera do not 
form roots readily during flowering. Anecdotal evidence suggests that Backhousia 
citriodora will not produce adventitious roots from cuttings during the colder months 
and during flowering. Flowering of B. citriodora in southeastern Queensland is 
reported to occur from spring to summer (Stanley and Ross, 1986). 
 
Environmental influences may act through the sensitivity to or variation in the level of 
endogenous auxin. Seasonal variations in the levels of auxin have been correlated 
with rooting ability but the effect is specific to species (Lanphear and Meahl, 1963, 
Davies, 1984, Carmen, 1993). Davies (1984) suggested that some species only 
become sensitive to auxins during specific periods of the year or auxins become 
limiting during seasons of high root formation. The sensitivity of plant tissue in 
responding to exogenous auxin may also increase when plants are actively growing 
and water and nutrients are not limiting (Campen et al., 1990, Trewavas, 1991). The 
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availability of auxin has also been used to explain differences between difficult- and 
easy-to-root cultivars of Prunus avium (Epstein et al., 1993), Pyrus communis 
(Baraldi et al., 1993) and Vitis vinifera (Kracke et al., 1981). Difficult- and easy-to-
root genotypes have also been identified in Backhousia citriodora (Kibbler et al., 
2002a). 
 
The effect of photoperiod on rooting was not investigated because differences 
between genotypes existed even though they all came from the same photoperiod 
zone (Kibbler et al., 2002a). 
 
The aim of this investigation was to identify the environmental and physiological 
factors that influence rooting from cuttings in B. citriodora. The specific objectives 
were: to determine whether rooting correlates with the temperature and growth of the 
stock plant environment prior to taking cuttings; to determine whether rooting success 
is higher in vegetative stock plants compared to stock plants in flower; and whether 
the rooting response of B. citriodora cuttings to application of exogenous auxins was 
dependent on season. 
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Materials and methods 
Four experiments were carried out to determine the conditions of the stock plant that 
influence rooting of cuttings from B. citriodora: 
 
Experiment 1. To identify the seasonal effects on rooting. 
Experiment 2. To determine whether temperature correlates with rooting. 
Experiment 3. To establish whether flowering affects rooting success. 
Experiment 4. To determine the effect of seasonal applications of auxins on 
rooting. 
 
Data from experiments 1 and 2 were also used to establish whether the rate of growth 
is associated with rooting success. Procedures for the collection and handling of 
cutting material are described in Kibbler et al. (2002a). Cuttings were inserted into 
cell trays containing a medium of peat/perlite/vermiculite (1:1:1 by volume). Trays 
were placed on heated benches with controls set at 24 °C in a propagation glasshouse. 
Water was delivered in a mist at 2min intervals for 8s. air temperatures in the 
glasshouse were maintained at 22 – 29 °C, with 71-100% relative humidity. Light 
intensity was reduced to 22% of ambient sunlight and day-length is 12h ± 2h 
throughout the year. 
 
Experiment 1. To identify the seasonal effects on rooting. 
A two-year study was conducted to determine whether seasonal changes in the stock 
plants influenced rooting of B. citriodora cuttings. Thirteen trees at 2 sites were 
monitored for growth, flowering and as a source of material for rooted cuttings. The 
two sites selected for the study were The University of Queensland Gatton campus 
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(UQG) (latitude 27° 33′S, longitude 152° 15′E), 8 trees and Cedar Glen Nursery 
Eatons Hill (latitude 27° 31′S, longitude 152° 92′E), 5 trees. The trees at UQG 
campus were planted on black earth soils and the trees at Cedar Glen nursery on clay 
soils interspersed with quartz.  
 
Every 4 weeks, each tree was measured for any change in growth and 5 cuttings taken 
for propagation at UQG plant nursery. On each tree, five stems on four lateral 
branches facing N, S, E and W were selected for vigorous growth, determined by 
changes in stem length. New shoots were recorded and their total length added to the 
overall growth of the stem. The daily maximum and minimum temperatures and daily 
rainfall were monitored for both sites. The experiment commenced in the July 1999 
and continued until August 2001. 
 
Correlations between rooting and seasonal variations in temperature, rainfall and 
growth were analysed using Pearsons correlation test (2-tailed) (SAS, 1998). 
Differences in rooting success between sites, time and genotypes were determined 
through the use of a logistic regression model, genmod procedure (SAS, 1998). 
Analysis of variance and pairwise comparison of mean rooting percentages were used 
to identify differences between combinations of mean temperatures and rainfall. 
Rooting percentages were arcsin transformed prior to statistical analysis. Significance 
for all experiments was assumed whenever P<0.05.  
 
Experiment 2. To determine whether temperature correlates with rooting. 
Four temperature treatments were used to determine the effect of temperature on the 
formation of adventitious roots from cuttings. Each replicate included 12 cuttings (2 
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from each of 6 genotypes). Within each temperature treatment, replicates were 
completely randomised. 
 
Eighteen-month-old cutting propagated plants in 125 cm pots were pruned back to 16 
cm and grown in the nursery at UQG for 4 months. Six easy- and six difficult-to-root 
genotypes were placed under 3 constant temperatures for 3 weeks (10 oC, 25 oC, and 
30 oC). The selection of temperature treatments was based on differences in rooting 
observed between seasonal temperatures over a 2-year period (Experiment 1). To 
ensure temperature rather than change in temperature is the main effect on rooting, 
another temperature treatment alternated plants between a day temperature of 25 oC, 
and a night temperature of 15 oC. All plants received 12 hours light each day. Light 
intensity was provided by a 400 watt Philips high-pressure sodium vapour lamp (T-
son agro®) and ranged from 500 to 1000 µEm-2s-1. Two branches of each plant were 
tagged and the change in stem length determined over the 3-week duration of the 
temperature treatments. Cuttings were taken from the tagged branches and assessed 
for rooting after 8, 12, 16 and 24 weeks. Stock plants were placed under the 
temperature regimes on the 10 January 2001 and cuttings taken on the 31 January 
2001. 
 
A logistic regression model, genmod procedure was used to identify differences in 
rooting success for temperature experiments (SAS, 1998). Correlations between 
rooting success and growth, represented by the increase in stem length, were 
determined using a general linear model (SAS, 1998). 
 
Experiment 3. To establish whether flowering affects rooting success. 
 8
To establish whether flowering decreased rooting of cuttings, stock plants that were 
developing flowers were paired with vegetative stock plants according to their 
previous rooting success in spring. Ten cuttings were taken from each of 34 stock 
plants. 
 
To stop stock plants from flowering, they were grown in a glasshouse over winter at a 
mean temperature of 27 oC (range 16 oC to 42 oC) with a light intensity (photoactive 
radiation) at 65% of incident daylight. These were compared to flowering stock 
plants, grown outside at a mean temperature of 14 oC (range 3 oC to 27 oC) in full 
sunlight. To ensure differences in rooting were due to flowering and not temperature, 
stock plants were grown under identical conditions for 6 weeks at a mean temperature 
of 20 oC (range from 3 oC to 33 oC) prior to taking cuttings. 
 
A comparison of rooting success between flowering and non-flowering stock plants 
was analysed using a paired t test (SAS, 1998). A logistic regression model, genmod 
procedure was used to identify differences in rooting success between paired 
genotypes (SAS, 1998). 
 
Experiment 4. To determine the effect of seasonal applications of auxins on 
rooting. 
Cuttings from 10 mature plants were used to evaluate the seasonal effects of 3 
exogenous auxins, IAA, IBA and NAA on the ability of cuttings to form adventitious 
roots. Cuttings were dipped for 10 s in either 0, 1000, 2000 or 4000 µg/ml of IAA, 
IBA, NAA, IBA/NAA (concentrations of each auxin in a ratio of 1:1) or 8000 µg/ml 
of IAA. For each treatment, one cutting was taken from each of 5 mature, container-
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grown plants, maintained at UQG plant nursery and one cutting from each of 5 
established trees on UQG campus. Plants monitored in UQG plant nursery were 
adequately supplied with water and nutrients. The established trees were dependent on 
seasonal rainfall. From each of the 10 plants, a total of 15 cuttings were taken in 
spring (October 2000), summer (January 2001), autumn (April 2000), and winter 
(June 2000). The plants were selected because they represented a range of success in 
forming roots from cuttings.  
 
A logistic regression model, genmod procedure (SAS, 1998) was used to identify 
differences in survival and rooting success between treatments. 
 
Results 
Experiment 1. To identify the seasonal effects on rooting. 
Over the two-year study, trees at Cedar Glen received higher rainfall and maintained 
higher growth rates compared to trees at UQG (Fig 1, Fig 2). There were significant 
differences in rooting success between the 2 sites (P<0.001), therefore, the data from 
each site were analysed independently. 
 
Figure 1 and Figure 2 
 
There was a difference in rooting percentage between years for UQG (P=0.018) but 
not for Cedar Glen (Fig 1). The lower rooting percentage during the first year can be 
explained in part by the application of the auxin IBA (4000 mg/l) to cuttings. The use 
of IBA ceased at the end of the first year when results of an experiment carried out 
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concurrently showed that IBA had an inhibitory effect at 4000 mg/l (unpublished 
data). 
 
Rooting success was significantly different between months for both sites, ranging 
from 18% to 95% for UQG and 16% to 100% for Cedar Glen (Fig 1). The highest 
rooting occurred over the warmer months (November to April) and the lowest rooting 
occurred during the colder winter months (June to August). The higher temperatures 
also coincided with higher rainfall events (Fig 1). Overall mean maximum 
temperatures >30 oC significantly increased rooting, for UQG and Cedar Glen (Table 
1) and mean minimum temperatures ≤10 oC had the lowest rooting (Table 2). 
Although the highest and lowest monthly rooting related to seasonal high and low 
temperatures respectively, rooting success was only weakly correlated with mean 
maximum temperature, r=0.49 and r=0.40 for UQG and Cedar Glen respectively. 
Likewise, rainfall was not directly correlated with rooting. However, when rainfall 
was offset by 1 month eg. rainfall for August was correlated with rooting for 
September, Cedar Glen had a correlation of r=0.74. 
 
The combination of the mean maximum temperature and rainfall offset by 1 month 
was weakly correlated with rooting success for Cedar Glen (r=0.61) and UQG 
(r=0.41). Correlations increased when months with rainfall below 20 mm were 
omitted, for Cedar Glen r=0.74 and for UQG r=0.84. Maximum rooting occurred 
during months where the mean maximum temperature was > 30oC and rainfall was > 
100mm/month (Table 1). 
 
Table 1 
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Similar correlations were recorded for combinations of mean minimum temperatures 
and rainfall (offset by 1 month) with rooting success, Cedar Glen (r=0.62) and UQG 
(r=0.43). These correlations also increased with the omission of months with rainfall 
below 20 mm, Cedar Glen (r=0.74) and UQG (r=0.81). Maximum rooting occurred 
during months when the mean minimum temperature was between 15 oC and 20 oC 
and rainfall was > 100mm/month (Table 2). At UQG during October 2000, rooting 
was also maximised when the mean minimum temperature was between 10 oC and 15 
oC and rainfall was below 20 mm/month. 
 
Table 2 
 
There were significant differences between genotypes for both rooting success and 
growth averaged over time (Table 3). 
 
Table 3 
 
Environmental effects on growth of the stock plant 
Vegetative growth followed a cyclic pattern and was not correlated with rooting. A 
large amount of vegetative growth occurred during late spring (October to November. 
Fig 2). This coincided with rising temperatures and the formation of flowers. B. 
citriodora develops flowers on the current years growth with the first buds visible 
between mid-September and mid-November. After flowering, inflorescences become 
chlorotic but remain attached to the stem for up to a year.  
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Experiment 2. To determine whether temperature correlates with rooting. 
After 3 weeks of the temperature treatments, older leaves senesced on stock plants 
held at 10 oC. At the same time, growth rate of the tagged stems increased with 
temperature (Fig 3). 
 
Figure 3 
 
However, there was no correlation between rooting success and either temperature or 
growth. 
 
Experiment 3. To establish whether flowering affects rooting success. 
Considerable vegetative growth was observed on stock plants over-wintered in the 
glasshouse compared to stock plants grown in the colder environment of the nursery. 
During October, stock plants in the nursery formed flowers, whereas stock plants in 
the glasshouse remained vegetative. Mean air temperatures of 27 oC and a minimum 
of 16 oC maintained vegetative growth and prevented flowering of B. citriodora. 
More cuttings rooted during the first 8 weeks from stock plants that remained 
vegetative compared to cuttings taken from floral stock plants (Table 4) but by week 
12 there was no difference in rooting between treatments. 
 
Table 4 
 
Genotypic differences in rooting success were highly significant throughout the 
flowering experiments (Table 5) but there were no differences between genotypes in 
the temperature experiment. In all experiments, there was no significant interaction 
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between genotype and treatment. 
 
Table 5 
 
Experiment 4. To determine the effect of seasonal applications of auxins on 
rooting. 
Compared with cuttings from established trees, a greater percentage of cuttings taken 
from container-grown stock plants survived and rooted after 24 weeks during summer 
and winter (Table 6). Rooting percentages were similar across 3 seasons. Only in 
autumn was rooting significantly lower. Rooting of cuttings treated with auxins was 
not significantly different from the control in any season after 24 weeks. Significant 
differences between auxin treatments only occurred in spring after 8 weeks. 
 
Table 6 
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Discussion 
In this study with B. citriodora in southeast Queensland, the highest rooting 
percentages occurred with cuttings collected during the warmer months when 
temperatures and rainfall were high. In contrast, the lowest rooting success occurred 
during the months of winter, a period of low rainfall, low temperatures and low 
growth. However, a subsequent experiment demonstrated that the temperature of the 
stock plant environment prior to taking of cuttings had no significant effect on rooting 
success of cuttings. In contrast, the initiation of flowers slow the formation of 
adventitious roots in cuttings. The results also suggest that the formation of 
adventitious roots in B. citrodora is not restricted by either differences in growth or a 
lack of auxin. 
 
The correlations between subsequent rooting of cuttings and the previous exposure of 
the stock plant to environmental factors of temperature and rainfall are typically weak. 
Detection of correlations between multiple environmental factors and rooting are 
limited by the fact that, at any one time, the rooting response is limited by the single 
‘most limiting’ factor. In addition, the seasonal study with B. citriodora demonstrated 
there is also a time factor to be considered. Whereas maximum rooting occurred 
following 100mm of rainfall in the month preceding taking of the cuttings, rooting 
also increased when rainfall was less than 20 mm over the same timeframe. This latter 
result may be a specific response to drought stress rather than the effect of transient 
water deficit on shoot physiology. Decreased rooting of cuttings taken from stock 
plants with water deficits has been reported for other species, including 
Chamaecyparis nootkatensis (D.Don) Spach. (Grossnickle and Russell, 1993). That a 
lack of water causes stress in B. citriodora was demonstrated by the death of 2 trees at 
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UQG campus in April 2000 after 2 months of rainfall below 20 mm and mean 
maximum temperatures ca 30 °C. 
 
The interactions between stock plant water relations and temperature are complex. 
Although higher temperatures increase rooting they also add to the water deficit 
through higher growth rates (Howard, 1991) and higher transpiration. Maximum 
rooting occurred where the stock plants had been exposed to temperatures above 30 
oC and rainfall greater than 100 mm/in the preceding month. A more detailed study of 
the effect of temperature under a controlled environment demonstrated that 
temperatures between 10 °C and 30 °C. were not correlated with rooting success of 
cuttings but were correlated with shoot growth on the stock plant. Lack of vegetative 
growth during the lower temperatures of winter may result in cutting material from B. 
citriodora that is not suitable to form adventitious roots. Lower temperatures result in 
decreased growth with shorter internodes and an increased number of axillary 
buds/cutting. The negative affect of buds on rooting of B. citriodora was 
demonstrated by an increase in the speed of root formation in autumn and in winter 
when the axillary buds were removed from cuttings (Kibbler et al., 2002a). 
 
The finding in the seasonal study that rooting was significantly higher at temperatures 
over 30 oC and rainfall was greater than 100 mm/month suggests that rooting may be 
increased under glasshouse conditions, where stock plants are grown under controlled 
temperatures and the supply of water is adequate. This was evident from the auxin 
application experiment, where cuttings from the control stock plants maintained under 
favourable conditions (of temperature, water and nutrition) in the nursery produced 
similar rooting percentages in both summer and winter (Table 6). Also, there was 
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better survival of cuttings taken from the nursery grown container plants compared to 
cuttings taken from established trees in both summer and winter. It has been argued 
that survival of cuttings is particularly important in species such as B. citriodora 
where the time to form roots is long, up to 24 weeks (Kibbler et al., 2002a). 
 
Shoot growth on the stock plants followed a cyclic pattern but were not correlated 
with rooting success, specific temperatures or rainfall events. Maximum shoot growth 
did coincide with rising temperatures in spring, and peaked when temperatures were 
in the range 15-22 °C. Similar temperatures during autumn, when temperatures were 
declining, did not invoke a growth flush. This suggests a seasonal temperature effect 
on shoot physiology (and hence on cuttings), rather than an optimum temperature for 
shoot growth per se. The shoot growth response may be related to phases of shoot 
activity; increasing bud activity with rising temperatures in spring and declining bud 
activity (onset of dormancy), with declining temperatures in autumn. In B. citriodora 
rapid vegetative growth is probably required before flowers can form on new wood. 
Rieger and Sedgley (1996) reported that vegetative growth was a prerequisite for 
floral initiation of Banksia coccinea and Banksia hookeriana Meissn. An increase in 
bud activity in spring could also have implications for adventitious rooting of cuttings. 
Kibbler et al. (2002a) reported a correlation between the presence of active buds at the 
time of taking cuttings and increased rooting ability in B. citriodora. Although growth 
was not correlated with rooting success, growth may compete with developing 
adventitious roots for resources (Lanphear and Meahl, 1963, Biran and Halevy, 1973, 
Howard, 1996). Competition for resources may be especially relevant in spring when 
rapid vegetative growth is followed by floral initiation.  
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Rooting was delayed on cuttings collected from plants that were in flower (Table 4). 
There is evidence for both shoot growth and floral development competing with 
adventitious roots for resources. The delay in rooting of cuttings may be due to 
competition for metabolites or growth regulators, including auxins (Biran and Halevy, 
1973, Kevers et al., 1997). 
 
Seasonal applications of the exogenous auxins used in this experiment did not 
significantly increase rooting compared to the control. This suggests a lack of 
endogenous auxins does not limit the formation of adventitious roots in cuttings from 
B. citriodora. The finding also means that any change in sensitivity of plant tissue to 
auxin cannot be detected. Davies (1984) postulated that a lack of any effect of auxins 
on promotion of rooting indicates other factors are of greater significance. This idea is 
supported by Kibbler et al. (2002b) who identified citral as an endogenous inhibitor of 
adventitious root formation in cuttings of B. citriodora. However, consistent with the 
idea of competition for auxin was the increased rooting from 50% to 90% after 8 
weeks when IAA at 8000µg/ml was applied in spring. Although the increase in 
rooting was not statistically significant, similar concentrations of auxin have 
previously inhibited rooting (Henderson, 1998), which suggests further investigations 
are warranted. 
 
Consistent with previous findings (Kibbler et al., 2002a) the formation of adventitious 
roots in Backhousia citriodora is strongly influenced by genotype (Table 3). 
Differences in genotype may contribute to the weak correlations between rooting and 
mean maximum and mean minimum temperatures. However, there was no interaction 
between genotype and flowering, temperature or growth. Thus, none of the above 
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factors can be used to explain differences between easy- and difficult-to-root 
genotypes of B. citriodora stem cuttings. 
 
Conclusion 
The 2-year seasonal study showed that maximum rooting occurred during the warmer 
months. However, correlations between rooting and individual environmental factors 
were weak and complex interactions exist between temperature and rainfall 
influenced rooting. Temperature per se does not restrict B. citriodora propagation 
throughout the year. Maintaining stock plants with adequate water and nutrients 
probably increases the survival of cuttings over the long periods required for rooting 
and increase the total number of rooted cuttings. Under a glasshouse environment 
with higher temperatures in winter and an adequate supply of water, B. citriodora 
cuttings can be successfully rooted over the whole year. 
 
In spring, the rapid growth followed by the development of flowers could increase 
competition for resources and reduce the ability of stock plants to provide material for 
cuttings that can form roots. Seasonal results and the temperature experiment do not 
support the idea that competition for resources is a major barrier to rooting. In 
addition, flowering of stock plants only delayed overall rooting. 
 
The results also suggest that the formation of adventitious roots in B. citrodora is not 
restricted by auxins and there is no practical advantage in applying auxins. 
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Table 1 
(a)UQG 
 
Mean maximum temperature 
(oC) 
Rainfall (mm) 
≤20 
 (n) 
>20-25 
 (n) 
>25-30  
(n) 
>30  
(n) 
Mean 
(Rainfall) 
≤20  20 d 
(24) 
40 bc 
(24) 
46 b 
(32) 
36 y 
>20-50  30 bcd 
(32) 
28 bcd 
(8) 
 30 y 
>50-100  30 bcd 
(8) 
26 cd 
(40) 
36 bcd 
(8) 
28 y 
>100    62 a 
(24) 
62 x 
Mean 
(Temperature) 
 
 26 l 30 l 49 k 36 
 
(b) Cedar Glen 
 
Mean maximum temperature 
(oC) 
Rainfall (mm) 
≤20 
 (n) 
>20-25 
 (n) 
>25-30  
(n) 
>30  
(n) 
Mean 
(Rainfall) 
≤20  28 bc  
(15) 
26 d  
(10) 
 28 y 
>20-50 4 d 
(5) 
12 d  
(25) 
24 bcd  
(5) 
 12 z 
>50-100  38 bc  
(10) 
20 cd  
(20) 
28 bcd  
(5) 
26 y 
>100   40 b  
(25) 
68 a  
(5) 
44 x 
Mean 
(Temperature) 
4 m 26 lm 27 l 48 k 28 
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Table 2 
(a)UQG 
 
Mean minimum temperature 
(oC) 
Rainfall (mm) 
≤10 
(n) 
>10-15 
(n) 
>15-20  
(n) 
>20  
(n) 
Mean 
(Rainfall) 
≤20 22 c 
(32) 
82 a 
(8) 
36 b 
(40) 
 36 y 
>20-50 30 bc 
(24) 
30 bc 
(16) 
  30 y 
>50-100 30 bc 
(8) 
26 bc 
(16) 
26 bc 
(24) 
36 bc 
(8) 
28 y 
>100   62 a 
(24) 
 62 x 
Mean 
(Temperature) 
26 l 38 kl 40 k 36 kl 36 
 
 
(b) Cedar Glen 
 
Rainfall (mm) Mean minimum temperature 
(oC) 
 ≤10 oC 
(n) 
>10-15 oC 
(n) 
>15-20 oC 
(n) 
>20 oC 
(n) 
Mean 
(Rainfall) 
≤20 28 bcd 
(10) 
36 b 
(10) 
8 cd 
(5) 
 28 y 
>20-50 10 d 
(30) 
 20 bcd 
(5) 
 12 z 
>50-100  38 b 
(10) 
22 bcd 
(25) 
 26 y 
>100  28 bc 
(20) 
60 a 
(10) 
 44 x 
Mean 
(Temperature) 
16 l 34 k 32 k  28 
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Table 3 
(a)UQG 
 
Genotype Percentage rooted Growth 
(cm/month) 
G1 32 y 7.6 
G2 38 y 9.3 
G3 42 y 9.3 
G4 38 y 7.8 
G5 60 x 5.3 
G6 10 z 9.6 
G7 32 y 6.9 
G8 26 y 13.1 
Overall mean 36 8.6 
 
 
(b) Cedar Glen 
 
Genotype Percentage rooted Growth 
(cm/month) 
H1 30 xy 12.2 b 
H2 26 yz 19.4 a 
H3 42 x 10.5 ab 
H4 14 z 18.7 a 
H5 24 yz 19.8 a 
Overall mean 28 16.1 
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Table 4 
 
Week Floral  
Stock plants  
(Mean No. 
rooted/10) 
Vegetative 
Stock plants  
(Mean No. 
rooted/10) 
Difference S.E. of 
difference 
Significance 
8 1 2.29 1.29 0.51 0.021 
12 4 4.12 0.12 0.86 0.89 
24 5.24 4.65 -0.59 0.95 0.54 
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Table 5 
 
 Percentage of cuttings rooted 
 
Week 
 
Flowering expt. 
(spring) 
Temperature expt. 
(summer) 
8 34 (range 0-80) 
P<0.0001 
 
33 (range 19-44) 
ns 
12 52 (range 10-100) 
P<0.0001 
 
57 (range 25-75) 
ns 
16 66 (range 20-100) 
P<0.0001 
 
57 (range 25-75) 
ns 
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Table 6 
 
Percentage of cuttings rooted after 8 weeks (24 weeks) 
 
 
Treatment 
(x µg/ml) spring summer autumn winter 
 
Treatment 
means 
Control 50abc  (70) 40 (70) 0 (60) 10 (60) 25 (65) 
Deionised 
water 
20bc (90) 50 (70) 0 (90) 0 (50) 18 (75) 
IAA 
(1000) 
40abc (70) 30 (60) 0 (50) 20 (70) 23 (63) 
IAA 
(2000) 
60abc (90) 30 (80) 0 (50) 10 (60) 25 (70) 
IAA 
(4000) 
60abc (70) 50 (70) 0 (50) 30 (70) 35 (65) 
IAA 
(8000) 
90a (90) 10 (60) 0 (50) 20 (60) 30 (65) 
IBA 
(1000) 
70ab (100) 10 (70) 0 (60) 30 (70) 28 (75) 
IBA 
(2000) 
80a (100) 40 (80) 10 (80) 10 (50) 35 (78) 
IBA 
(4000) 
20bc (50) 20 (60) 0 (50) 0 (60) 10 (55) 
NAA 
(1000) 
30bc (80) 30 (80) 0 (50) 40 (70) 25 (70) 
NAA 
(2000) 
30bc (50) 10 (50) 0 (40) 10 (50) 13 (48) 
NAA 
(4000) 
30bc (50) 10 (60) 0 (40) 20 (60) 15 (53) 
IBA/NAA 
(1000) 
80ab (90) 10 (70) 0 (70) 20 (60) 28 (73) 
IBA/NAA 
(2000/2000) 
40abc (70) 10 (40) 0 (70) 20 (60) 18 (60) 
IBA/NAA 
(4000/4000) 
 
10c (30) 20 (60) 0 (30) 0 (50) 8 (43) 
Seasonal 
Means 
 
47a (73 a) 25b (65 a) 1d (56 b) 16c (60 a) 22 (64) 
Stock plants 
 
(75) (91*) (59) (76*) (75) 
Established 
trees 
 
(72) (40*) (53) (44*) (52) 
Survival 
(%) 
 
(81) (80) (96) (70) (82) 
Stock plants 
 
(80) (96*) (96) (88*) (90) 
Established 
trees 
(81) (65*) (95) (49*) (73) 
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Figure 1 (a) UQ Gatton 
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Figure 1 (b) Cedar Glen 
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Figure 2 
(a) Gatton 
 
 
 
(b) Cedar Glen 
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Figure 3 
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Table 1 Mean rooting percentages of B. citriodora related to the monthly 
environmental factors of mean maximum temperatures and rainfall (offset by 1 
month) from August 1999 to July 2001. Figures with different letters are significantly 
different for the rainfall and temperature means, and within the matrix. 
 
Table 2 Mean rooting percentages related to the monthly environmental factors of  
mean minimum temperatures and rainfall (offset by 1 month) from August 1999 to 
July 2001. Figures with different letters are significantly different for the rainfall and 
temperature means, and within the matrix. 
 
Table 3 Comparison of mean monthly rooting percentages and mean monthly growth 
(increase in stem length) between genotypes from August 1999 to July 2001. Figures 
with different letters in columns are significantly different. 
 
Table 4 Paired comparison of rooting ability between cuttings taken from B. 
citriodora stock plants that have and have not formed flowers. 
 
Table 5 Mean rooting percentages, range and significance of genotypic differences for 
B. citriodora cuttings in 2 experiments over 16-week. ns not significant. 
 
Table 6 Comparison of survival and rooting success between seasons and between 
auxin treatments. Auxin treatments within each season with different letters are 
significantly different (n=10). Seasonal means with different letters are significantly 
 36
different. * Significant differences between treatments within seasons (n=75). 
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Figure 1 Maximum and minimum temperatures and the percentage of rooted cuttings 
taken monthly from August 1999 to July 2001 at (a)UQG (mean monthly rooting 
success 35%) (b) Cedar Glen (mean monthly rooting success 27%). 
 
Figure 2 Monthly average temperature and average growth of selected stems from 
August 1999 to July 2001 at (a) Gatton (n=8) (b) Cedar Glen (n=5). 
 
Figure 3 Growth of B. citriodora stems from stock plants maintained under 4 
temperature regimes for 3 weeks. Columns with different letters are significantly 
different. 
 
 
